Wei-Hung YANG, 2 Chun-Fa HUANG, 2 Feng-Chia HSIEH 5 and Tzyy-Rong JINN ⋅S -1 for five synthetic substrates. The optimal temperature and pH for rDPP-IV were determined to be 50°C and pH 9.
Enzymatic activity of rDPP-IV was significantly reduced by 80 and 60% in the presence of sitagliptin and phenylmethylsulfonyl fluoride respectively.
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Mastoparan toxins are a class of mast-cell degranulating peptides found in the venoms of many vespid species. 1) Mastoparan B, a cationic tetradecapeptide, is the major peptide isolated from the venom of black-bellied hornet (Vespa basalis), the most dangerous species of vespine wasps found in Taiwan. 2) Besides its anti-bacterial activity, mastoparan B possesses potent hemolytic activity and pore-forming ability attributable partly to the toxicity of this hornet venom. 3) Unlike other vespid mastoparan toxins, mastoparan B is capable of inducing short-term hypotension in rats.
4)
Since various biological actions of mastoparan B are probably exerted through different mechanisms, the hypotensive effect may be useful in developing this peptide into an anti-hypertension agent if its potency can be enhanced and hemolytic activity abolished. Recently, we obtained a cDNA fragment encoding the precursor polypeptide of mastoparan B. 5) According to the deduced amino acid sequence, mastoparan B can presumably be processed from a precursor polypeptide comprising a signal sequence, an anionic prosequence of 11 conservative dipeptides, the mature sequence of mastoparan B, and a C-terminal glycine. Post-translational processing and modification might include cleavage of the N-terminal signal sequence, removal of prosequence, and C-terminal amidation. The N-terminal signal sequence responsible for endoplasmic reticulum (ER) targeting is presumably cleaved by a signal peptidase after translocation into ER lumen. Instead of being cleaved by a specific protease in one step, the prosequence is proposed to be removed via sequential liberation of dipeptides catalyzed by dipeptidyl peptidase IV (DPP-IV) for mature mastoparan B.
6)
DPP-IV is a glycosylated serine protease that selectively removes dipeptides from the N-terminus of peptides with proline or alanine in the penultimate position.
7)
Because DPP-IV is an important membrane protein expressed in various cell types, DPP-IV was cloned and expressed by an expression system for further study and application. 8, 9) In our previous study, a cDNA fragment encoding a DPP-IV from Vespa basalis putatively responsible for the processing of the prosequence was obtained. 5) Whether this putative DPP-IV possesses enzymatic activity of dipeptidyl peptidase has not been verified. In this study, we employed the baculovirus expression system to express V. basalis DPP-IV as a His-tagged fusion protein (rDPP-IV) that was purified by nickel-affinity chromatography. Enzymatic properties of the purified rDPP-IV were characterized.
Materials and Methods
Insect cells. 
Results

Expression of rDPP-IV in Sf21 cells
A recombinant plasmid, pAcP 10 DPPIV, was constructed ( immunologically recognized with the anti-6His antibody (Fig. 2) . While the majority of rDPP-IV was found in the culture medium, only a minor amount of it was detected within the Sf21 cells (data not shown). (Fig. 3) . As expected, no dipeptidyl peptidase activity was detected in the culture medium of uninfected Sf21 cells (data not shown). 
Affinity purification, glycostaining and LC/MS-MS confirmation of rDPP-IV
The rDPP-IV in the culture medium of Sf21cells infected with vAcP 10 DPPIV in the optimal condition was subjected to further purification by nickel-chelated affinity chromatography. As revealed by SDS-PAGE and Western blot, the purified rDPP-IV (about 95 kDa) recognized by the anti-6His antibody was the predominant protein representing 90% of the total proteins eluted from the Ni-NTA column (Fig. 4A ). In addition, we found that the dimeric rDPP-IV (190 kDa) was weakly detected by the anti-6His antibody (Fig. 4A) . Glycoprotein staining assay indicated that rDPP-IV was glycosylated (Fig. 4B) . To confirm the correctness of rDPP-IV expressed in Sf21 cells, the affinity-purified 95 kDa protein was subjected to LC-MS/MS analysis. The optimal temperature and pH for the enzymatic cleavage of Ala-Pro-pNA by rDPP-IV were determined to be 50°C and pH 9 (Fig. 5) . The optimal activity was similar to a purified DPP-IV from porcine kidney.
15) As expected as for the inhibition assay, the enzymatic activity of rDPP-IV was significantly reduced by 80 or 60% in the presence of sitagliptin (a DPP-IV inhibitor) or PMSF (a serine protease inhibitor), but was not apparently affected by iodoacetamide (a cysteine protease inhibitor) (Fig.   6 ). 
Discussion
The venoms of wasps and bees contain a variety of lytic peptides, such as mastoparan and melittin. 16, 17) Regardless of the drastic difference in both size and sequence between mastoparan B and melittin, precursor polypeptides of these two toxin peptides share a comparable structural organization of a signal sequence, an anionic prosequence of 11 conservative dipeptides, the cationic toxin peptide, and a C-terminal glycine. 5) Similarly, proline and alanine were exclusively found in alternate positions of the prosequences of the precursor polypeptides of mastoparan B and melittin (Fig. 7) . On the basis of the observation that DPP-IV from pig kidney released dipeptides from the N-terminus of promelittin, the prosequence was proposed to be removed via sequential liberation of dipeptides presumably catalyzed by a DPP-IV in the venom gland of honeybee Apis mellifera. 18) Though dipeptidyl peptidase activity was detected in the extract of venom gland of honeybee, neither DPP-IV was purified and characterized nor was its corresponding gene cloned and analyzed. Table 2 Fig. 7  24   25   26   27   28 According to previous reports, human DPP-IV is not only a dimeric protein, but also is a membrane-bound glycoprotein. 8, 19, 20) In this study, we found that purified
His-tagged V. basalis DPP-IV is mainly monomeric form, but the dimeric form (190 kDa) was also weakly detected by the anti-6His antibody (Fig. 4A) . This is consistent with the human DPP-IV expressed in Sf9 insect cells and then purified by nickel-chelated affinity chromatography. basalis rDPP-IV also possesses dimeric conformation via the baculovirus expression system. We will further study the expressed rDPP-IV its structure and function.In this study, we successfully expressed and purified V. basalis DPP-IV as a glycosylated His-tagged fusion protein via the baculovirus expression system. Additionally, the purified rDPP-IV was found to possess enzymatic activity of dipeptidyl peptidase in vitro and the optimal activity of rDPP-IV was at 50°C and pH 9 (Fig. 5 ), similar to previously reports. 15, 21, 22) On the basis of some reports, 15, 23, 24) we speculate that the optimal activity for rDPP-IV involves important physiologic mechanisms of V. basalis, such as defense or antagonist of the external stress.
For further determine the biological activity of V. basalis rDPP-IV in order to remove the prosequence of mastoparan B by specific cleavage of alanine or proline residues in the penultimate position, three synthetic substrates, Glu-Pro-pNA, Glu-Ala-pNA, Lys-Ala-pNA, were also selected to determine the enzyme activity of rDPP-IV. Results indicated that the expressed rDPP-IV possesses functional potential in sequential liberation of dipeptide from the prosequence of mastoparan B (Table 2 ).
This also confirms that prosequence in the precursor protein of mastoparan B is removed via sequential liberation of dipeptides during post-translational processing.
5)
The sequential liberation of dipeptides has been proposed to be a mechanism by which the premature release of a peptide is prevented as it can rupture membrane by interacting with phospholipids. 18) Such a ticketing mechanism might possess a built-in time scale to guarantee a clean temporal and spatial separation between export and activation of toxin peptides. In addition, the negatively charged residues predominantly found in prosequences (Fig. 7) are presumably involved in ionic interactions with the cationic toxin peptides in the transit conformation of their proproteins. 25) In this study, the negatively charged Glu-Pro-pNA was hydrolyzed least efficiently among the seven synthetic substrates examined, by rDPP-IV ( Table 2 ).
The relatively weak activity of rDPP-IV on Glu-Pro-pNA appears to agree with the proposed mechanism, in which post-translational processing is slow downed deliberately. is generally accepted that glycosylation of DPP-IV is a prerequisite for its enzymatic activity and correct protein folding. 19, 26) In this study, the observed molecular mass The enzymatic activity of rDPP-IV was detected at pH 7.4 to measure optimal temperature (A) and at 37°C to measure optimal pH (B) with Ala-Pro-pNA as substrate. These data were obtained from three replicated experiments and are shown as means ± standard derivation. Proline and alanine residues found at alternate positions of prosequences are boxed.
Negatively charged residues (D and E) are shown in bold.
